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THE  EFFECT  OF  INTRASPINOUS  INJECTIONS  OF 
SALVARSAN  AND  NEOSALVARSAN  IN 
MONKEYS.* 
BY  ARTHUR  W.  M.  ELLIS,  M.B.,  ArrD HOMER  F.  SWIFT,  M.D. 
(From  the Hospital  of  The  Rockefeller Institute  for  Medical  Research, 
New York.) 
The use  of intraspinous  injections  of antimeningococcus serum 
in the treatment of epidemic cerebrospinal meningitis (I), and the 
increased  efficiency of  serum  so  used  over  serum  injected  intra- 
venously, has established the value of local therapy in the treatment 
of this  infectious disease of the central nervous system.  The de- 
sirability  of  obtaining  a  method  of  local  application  of  curative 
agents  in  syphilitic  infections of  the  nervous  system therefore at 
once suggests itself. 
Horsley  (2)  in  I9Io  advocated  washing out  the  cerebrospinal 
canal,  in  cases of  syphilitic disease,  with  I  to  I,OOO solutions  of 
bichloride  of  mercury.  This  method,  however,  was  soon  aban- 
doned.  The  well  known  irritating  properties  of  salvarsan  when 
injected into  the  tissues  prohibited the  use  of this  drug in  strong 
concentrations.  It  was  considered desirable,  however,  to  investi- 
gate the possibility of the use of minute quantities of salvarsan and 
neosalvarsan intraspinously, and the intraspinous injection of small 
quantities  of  these  drugs  was  therefore  performed  in  monkeys. 
The  results obtained are presented in  this  communication. 
TECHNIQUE. 
Macacus rhesus and Macacus nemestrinus monkeys were used in 
the experiments.  Under ether anesthesia lumbar puncture was per- 
formed and a small quantity of spinal fluid withdrawn.  By means 
of a  two cubic centimeter Luer glass  syringe, the  substance to  be 
tested was then slowly injected through the lumbar puncture needle. 
* Received  for  publication, June 27,  I913  . 
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The  salvarsan  solutions  used consisted  of one cubic  centimeter of 
the alkaline  solution of the drug in  o.9  per cent.  sodium chloride, 
and o.6 of a cubic centimeter of human or normal monkey serum, 
giving a dilution of serum to 40 per cent.  Solutions of neosalvarsan 
in  o.9  per cent.  sodium chloride were similarly injected  in  4o  per 
cent.  monkey serum.  In two monkeys injected with neosalvarsan, 
the serum was omitted and a  simple solution of the drug in o.9 per 
cent. sodium chloride was used.  In three monkeys second injections 
were also made. 
In judging the  irritating properties  of these various  substances, 
the  cell count in  the  spinal  fluid  was  used  as  indicator.  A  count 
of .the cells was made before treatment, two  days after treatment, 
and  again  about  a  week later.  The  cell counts were made  in  the 
usual  manner  with  a  white  blood-counting pipette  and  a  Thoma- 
Zeiss chamber.  The results of the experiments are given in table I. 
The  cell  count in  the spinal  fluid of monkeys, before treatment 
had been begun, was found .to vary within wide limits.  In addition 
to  those  recorded  in  the  table,  four  other  normal  monkeys  were 
punctured to determine this  point.  Their spinal  fluids showed cell 
counts  of  IO,  4o,  85,  and  I37  per  cubic  millimeter.  Apparently 
healthy monkeys, therefore, yielded fluids  showing counts varying 
from 3  to  I37 per cubic millimeter.  This is in striking contrast to 
man, where the normal count varies from o to 5 per cubic millimeter, 
and in healthy individuals probably never exceeds the latter figure. 
The cell count following intraspinous injections also varied widely. 
The  highest  obtained  was  4,o82  per  cubic  millimeter  (Macacus 
rhesus 8).  This  followed the  injection of  I. 5  milligrams  of neo- 
salvarsan, nine days after o. 3  of a  milligram had been injected. 
Reference to table I  shows that the injection of even small quanti- 
ties  of salvarsan  is  very irritating.  3.2  milligrams  caused  in  one 
monkey (Macacus rhesus 2)  paralysis of .the hind legs persisting for 
some months.  The injection of one milligram of salvarsan and over 
produced  in  every case  (Macacus  rhesus  i,  3,  and  4)cell  counts 
of  over  I,ooo per cubic  millimeter,  and .the  injection  of  even  o.2 
of a  milligram produced quite  a  profound  cellular reaction  which 
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o.t  of  a  milligram  of  salvarsan produced  a  much  less  severe  reac- 
tion  ( Macacus nemestrinus 7). 
The  injections of neosalvarsan were,  on the whole,  less irritating, 
but  Macacus rhesus  8  showed  a  severe  reaction,--4,o82  cells  per 
cubic  millimeter on  the  second  injection. 
One striking result was the apparent increase in the irritation pro- 
duced by a  second injection in another monkey  (Macacus rhesus 5 ). 
o.4 of a  milligram of salvarsan produced on first injection a cell count 
of 89o per cubic millimeter;  on  reinjec~ion,  eighteen  days la~er,  the 
same  amount  of  salvarsan  was  followed  by  a  count  of  2,57o cells 
per cubic millimeter.  The  increase in cells in these fluids following 
injections of salvarsan and neosalvarsan consisted almost entirely of 
polynuclear  leucocytes. 
Wechselmann  (3)  studied the effect of salvarsan when  injected directly into 
the  brains of  dogs  and  rabbits.  Injections of  o.5  to  I  c.c.  of  a  concentration 
of  I : 5o0 and  I : I,OOO, that is, of  I  rag. of salvarsan, caused convulsions, weak- 
ness  of the limbs, and  death  in  from  two  to  four days.  Concentrations,  how- 
ever, of  I:2,ooo and  I:4,ooo, that  is, o.5 to  o.25 rag. of  salvarsan, produced  no 
disturbance. 
In  1912 we  reported  on  the  injection of  minute  quantities  of  neosalvarsan 
intraspinously in  a  case of  tabes dorsalis  (4).  The  severe lightning pains  and 
temporary retention of urine which sometimes followed this procedure caused us 
to discontinue its use. 
Wechselmann  (5)  has subsequently reported the results of intraspinons injec- 
tions  of  neosalvarsan  in  four  patients.  One  paretic  was  given 3  rag.  of  neo- 
salvarsan  intraspinously and  two  weeks  later  i  mg.  There  was  no  reaction. 
Another paretic was given o.5  rag.  Two  children with  congenital syphills were 
also injected with  from I  to  1.5 mg. without any reaction occurring. 
More recently Marinesco (6)  has reported severe results from the use of neo- 
salvarsan  intraspinously.  Thirteen  patients  were  injected,  and  in  three  the 
treatment was repeated.  He used, as a  rule, 4  c.c. of a  I:8OO solution or about 
5  rag.  of  neosalvarsan.  While  in  one  or  two  patients  no  reaction  occurred, 
the reaction in the majority was severe, and in several cases more serious effects 
were observed.  Thus,  in  eight patients there was  incontinence of urine or else 
retention, requiring constant catheterization.  In three cases there was weakness 
of the extremities, and in one anesthesia of the  rectum, legs, and  buttocks. 
In  a  previous  communication  (7)  we  have  described  the  use  of 
intraspinous  injections  of  salvarsanized  serum  in  the  ~reatmen~  of 
syphilitic infections  of the  central nervous  system.  The  method  is 
to  bleed  patients  one  hour  after  an  intravenous  injection  of  sal- 
varsan,  separate  the  serum,  and  reinject  this  serum  into  the  sub- 434:  Effect of Salvarsan  and Neosalvarsan  in Monkeys. 
arachnoid  space.  In view of the  favorable effects of the  injections 
of this serum and .the  risk of causing injury by the  direct  injection 
of neosalvarsan,  it seems advisable to confine our efforts at the local 
therapy  of syphilis of the  central  nervous  system with  salvarsan  to 
the  use  of  such  salvarsanized  serum. 
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